Treatment of Trypticase peptides with acetic anhydride, succinic anhydride, or maleic anhydride inhibited their breakdown to ammonia by rumen microorganisms by an average of 89%o after 12 h of incubation in vitro.
The peptidase activity of rumen microorganisms is predominantly aminopeptidase in specificity (14, 16) . As a consequence, blocking of the N terminus of small peptides by acetylation inhibits their degradation in rumen fluid (12) . It may, therefore, be possible to protect individual peptides or industrial materials rich in peptides by N-terminal modification, thus enabling their constituent amino acids to pass from the rumen undegraded (12) .
Many methods are available for modifying free amino groups in proteins and peptides (9) . In this study, we explored the question of whether other N-terminal modifying agents, which might yield products with different nutritional properties, such as improved availability in the small intestine, are as effective as acetic anhydride in protecting peptides from ruminal hydrolysis. We also examined how specific dipeptides containing lysine and methionine, which are usually the first two limiting amino acids for milk and meat production by ruminants (2), might be protected.
Four adult sheep fitted with permanent rumen cannulas received a maintenance diet of hay, barley, molasses, fish meal, and a vitamin-mineral mixture (500, 299.5, 100, 91, and 9.5 g/kg, respectively). Samples of rumen fluid were removed between 1.5 and 2.5 h after feeding. These samples were strained through four layers of muslin and used immediately.
N-terminal modification was done by methods based on those described by Means and Feeney (9) . Acetylation was done by dissolving 0. 8 .0 by addition of 0.1 M NaOH. After 2 h at room temperature, the mixture was dried on a rotary evaporator.
The dried modified peptide mixtures were resuspended in 10 ml of water. A 50-mg/ml solution of unmodified Trypticase was also prepared. A 0.4-ml volume of each solution was added to each of four McCartney bottles. Control incubations were done by adding 0.4 ml of water to each of another four McCartney bottles. The bottles were flushed with CO2 and incubated at 39°C. Strained rumen fluid (9.6 ml) was added to one McCartney bottle from each set. The mixtures were incubated in a shaking water bath at 39°C. Samples (1.0 ml) were removed into 0.25 ml of 25% trichloroacetic acid. The tubes were centrifuged at 12,000 x g for 5 min. Ammonia was determined in the supernatant fluid by an automated phenol-hypochlorite method (17) . The extent of modification was measured with ninhydrin (10) . The protein content of ruminal fluid was determined by precipitating the protein in 5% trichloroacetic acid, digesting it with NaOH, and reacting it with the Folin reagent (8) .
Acetylation, maleylation, and succinylation gave 95, 70, and 99% modification of free amino groups, respectively. Ammonia production from Trypticase incubated with rumen fluid in vitro was decreased by all of the chemical treatments (Table 1 ). There was no significant net production of ammonia from N-terminally modified peptides at 3 or 6 h, while at 12 and 24 h the ammonia produced from modified supplements was only 11 and 23%, respectively, of that of unmodified Trypticase (Table 1 ). There were no significant differences between reagent treatments.
Dipeptides containing the four combinations of ao-linked Met and Lys and N-E-methionyl lysine were acetylated by a method similar to that described above, except that smaller quantities were used and the peptides were dried by evaporation at 60°C. The incubations with rumen fluid were similar, with the peptide added to a final concentration of 2 mg/ml, but samples were removed into 0.25 ml of 1.25 M phosphoric acid instead of trichloroacetic acid. The peptides and acetylated peptides were measured by reverse-phase, ion-pairing high-pressure liquid chromatography as described by Wallace and McKain (14) .
Unmodified dipeptides were degraded rapidly by rumen microorganisms, although some MetLys remained at 6 h ( Table 2) . N-e-Methionyl lysine was much more stable, as was found by Bercovici et al. (4) . Acetylated dipeptides, including N-e-methionyl lysine, were also more stable than unmodified peptides (Table 2) . Thus, if acetylated peptides were added to the ruminant diet, it might be expected that a APPL. ENVIRON. MICROBIOL. substantial proportion of acetylated peptides would be intact upon leaving the rumen.
The two main methods that have been used to protect amino acids from degradation by rumen microorganisms are physical protection or encapsulation and chemical modification of the free amino acids. These methods have had various degrees of success in enabling amino acids to pass the rumen and remain nutritionally available when they pass down the gut. The present report indicates that other methods could be available, particularly for lysine and methionine, involving N-terminal modification of peptides containing these amino acids. Acetylation has been shown previously (12) to be effective in preventing peptide breakdown (but not inhibiting the hydrolysis of unmodified peptides), and the finding that succinic anhydride and maleic anhydride treatments are equally effective offers a degree of flexibility that may be important, depending on a number of factors, such as the stability of the peptide, its susceptibility to intestinal hydrolysis, and its uptake from the gut.
The effectiveness of N-terminal protection of peptides would be expected to decrease as the length of the peptide increased, simply because more peptide bonds would become susceptible to endopeptidase (proteinase) attack than exopeptidase attack. Evidence of this relation was apparent when the rates of breakdown of pure peptides were compared (12) but not when the hydrolysis of modified Trypticase peptides (which had already been subjected to extensive proteolytic attack during manufacture) was analyzed by gel filtration (13) . Dipeptides seem likely to be protected most effectively.
The protection of specific lysine-and methionine-containing dipeptides has two main drawbacks. The first is the cost of synthesizing the dipeptides by conventional chemical synthesis, which would be prohibitively high. Enzymecatalyzed peptide synthesis might be a more attractive option. The second concern would be about the nutritional availability of acetylated or otherwise modified peptides. The present treatments yield N-e-as well as N-a-modified lysine. N-a-Acetyl lysine produced no growth response in rats, while N-e-acetyl lysine had 50% of the nutritive value of lysine (7, 11) , probably by virtue of a specific kidney acylase (5) . To avoid the likely nutritional problem of acetylation at the a-N site, it would be better if the lysine were in the form MetLys. N-a-Acetyl methionine is a form of methionine that is available to ruminants (1).
Other a-linked peptides might also be useful, such as those with Pro or Gly at or near the N terminus (6, 15, 16, 18) . Alternatively, the N-e-MetLys isopeptide, even in its unprotected form, would be useful, and its nutritional efficacy has been established (3, 4 
